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(57) ABSTRACT

A side wall of a motor casing 1s formed 1nto a polygonal shape
such that flat side portions and corner portions located at
respective corners between the side portions are continuously
joined together. A field magnet, which has an outer circum-
terential shape approximately coinciding with the inner cir-
cumierential shape of the motor casing, has magnet side
portions and magnet corner portions, and has a rib provided
on outer circumierential surfaces of the magnet side portions.
The magnet 1s disposed, through press-fitting, within the
motor casing such that at least the rib comes 1nto contact with
the inner circumierential surface of the motor casing, wherein
the magnet side portions, excluding the rib, are formed such
that small clearances are formed between the magnet side
portions and the side portions of the motor casing.

5> Claims, 6 Drawing Sheets
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SMALL MOTOR OF POLYGONAL
EXTERNAL SHAPL

TECHNICAL FIELD

The present invention relates to a small motor having a
polygonal external shape which can be used in an air condi-
tioner actuator, a motor-driven retractable mirror, etc., and
more particularly to a small motor designed to suppress vibra-
tion of a field magnet and vibration of a motor casing to which 10
the field magnet 1s attached.

BACKGROUND ART

In an ordinary small motor, the outer circumierential sur- 15
face of i1ts motor casing has a circular shape (round shape).
When such a round motor 1s to be mounted 1n an apparatus or
on a wiring board, a whirl-stop must be employed for pre-
venting rotation of the motor. When the round motor 1s
mounted 1n an apparatus, the round shape tends to be accom- 20
panied by wasted space within the apparatus. Thus, 1n view of
prevention of rotation of a motor 1n relation to a mounting,
surface and space efficiency, there 1s known impartment of a
quadrangular or higher polygonal external shape to a motor.

Meanwhile, there has been known a motor which has a 25
quadrangular external shape and in which a quadrangular
magnet 1s used unlike the case of the above-descried round
motor (Patent Documents 1, 2, and 3). The quadrangular
external shape of the motor prevents rotation of the motor 1n
relation to a mounting surface and enhances the space effi- 30
ciency. However, 1n the case of a motor which has a quadran-
gular external shape and 1n which a quadrangular magnet 1s
used, the motor casing has flat wall portions, which generate
large vibrations, thereby causing a problem of vibration and
noise. 35

FIG. 9 1s a sectional view showing a motor which 1s
described 1n Patent Document 3 and in which the magnetic
poles are disposed at the respective corners between the side
portions of the motor casing. In FIG. 9, the motor casing
(voke) has a quadrangular section and accommodates therein 40
a 4-pole field magnet magnetized with alternating N and S
poles. This field magnet 1s magnetized such that the centers of
magnetic poles are located at the respective corners between
the side portions of the yoke. The motor in which magnetic
poles are disposed at the respective corners between the side 45
portions not only enables the magnet to be formed 1n a smaller
s1ze and be efliciently disposed, but also can reduce cogging
torque. However, since the motor casing of the motor has flat
wall portions of a fixed thickness, the motor has a problem in
that the flat wall portions vibrate and generate a large noise. 50

In order to improve productivity, desirably, the field mag-
net of a small motor 1s manufactured separately from the
motor casing (yoke) and 1s then assembled with the yoke.
Usually, such assembly employs a press-fit technique. How-
ever, 1n actuality, press-fitting cannot be performed 1 such a 55
manner that the entire outer circumierential surface of the
magnet uniformly comes into contact with the inner circum-
terential surface of the motor casing. Therefore, in the motor
structure as shown 1n FIG. 9, the corner portions of the mag-
net are bought into close contact with the iner circumieren- 60
tial surface of the motor casing, particularly, at the apexes of
magnetic poles of the magnet at which the magnetic field
intensity must be increased.

['herefore, there must be
employed a design method 1n which corner portions of the
magnet are fixed by means of press-fitting and a slight clear- 65
ance 1s provided between each of the flat portions of the
magnet and the motor casing. When the structure in which the

2

corner portions of the magnet are fixed by means of press-
fitting 1s employed, vibrations of the flat wall portions
become smaller than those in the case where the magnet 1s not
press-fitted. However, the vibration reducing effect 1s still
insuificient 1n applications in which more reduction of vibra-

tions 1s required.

|[Patent Document 1] Japanese Patent Application Laid-
Open (kokai) No. H7-59322

[Patent Document 2] Japanese Utility Model Application
Laid-Open (koka1) No. S64-12455

[Patent Document 3] Japanese Patent Application Laid-
Open (koka1) No. 2007-6688

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

A small motor having a polygonal external shape has a
plurality of flat side surfaces (flat wall portions), and corner
surfaces (corner portions) connecting the flat side surfaces,
and the motor casing and the magnet located within the motor
casing must be brought into close contact with each other,
particularly at the corner portions. Therefore, vibrations of
the flat wall portions become strong, and 1ncrease the level of
noise. In applications such as those for air conditioner damp-
ers 1 which noises and vibrations must be reduced to a
considerably low level, measures must be taken for noises and
vibrations of low level which would not considered a problem
in other applications.

An object of the present invention 1s, 1n a small motor
having a polygonal external shape employed in view of whirl-
stop of the motor and space efliciency, to suppress vibrations
of flat wall portions of the motor casing to thereby reduce
noise and shift the vibration frequency from a frequency at
which the noise 1s harsh to a higher frequency at which the
noise 1s less audible, while improving motor performance by
causing the magnet to produce effectively functioning mag-
netic flux.

Means for Solving the Problems

The present invention provides a small motor having a
polygonal external shape 1n which a field magnet having four
or more poles 1s attached to an 1nner circumiferential surface
of a motor casing made of metal. A side wall of the motor
casing 1s formed into a polygonal shape such that flat side
portions equal in number to the poles, and arcuate corner
portions equal in number to the side portions and located at
respective corners between the side portions are continuously
joined together. The field magnet, which has an outer circum-
terential shape. approximately coinciding with the inner cir-
cumiferential shape of the motor casing, has magnet side
portions and magnet corner portions, which correspond to the
side portions and corner portions, respectively, of the motor
casing. The field magnet also has a rib provided on outer
circumierential surfaces of the magnet side portions. The
magnet 1s disposed, through press-fitting, within the motor
casing such that at least the rib comes into contact with the
inner circumierential surface of the motor casing, wherein the
magnet side portions, excluding the rib, are formed such that
small clearances are formed between the magnet side por-
tions and the side portions of the motor casing, or at least such
that no pressing force acts on the magnet side portions,
excluding the rib.

The motor casing and the magnet are bonded together by
means ol adhesive injected 1nto the small clearances formed
between the inner circumierential surface of the motor casing,
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and the outer circumierential surface of the magnet as a result
of provision of the rib on the outer circumierential surface of
the magnet. The b 1s provided at a single position or a
plurality of positions, and assumes the form of a ridge having
a rectangular, arcuate, or semicircular cross section, and elon-
gated 1n the longitudinal direction of the magnet. The rib may
be provided on the inner circumierential surface of the motor
casing, rather than being provided on the outer circumieren-
tial surface of the magnet. The magnet may be integrally
tormed into the overall shape of a ring from a magnetic plastic
compound.

EFFECT OF THE INVENTION

According to the present invention, 1n a small motor having
a polygonal external shape employed 1n view of whirl-stop of
the motor and space efficiency, 1t 1s possible to suppress
vibrations of flat wall portions of the motor casing to thereby
reduce noise and shift the vibration frequency from a fre-
quency at which the noise 1s harsh to a higher frequency at
which the noise 1s less audible, while improving motor per-
formance by causing the magnet to produce effectively func-
tioming magnetic flux.

Thus, the present invention can provide a small motor
which has a 4-pole field magnet, which can be efliciently
produced at low cost, and which 1s excellent 1n terms of noise
and vibration level.

Since the tlat wall portions of the housing (motor casing)
are fixed by the ribs of the magnet press-fitted into the hous-
ing, the vibration frequency increases about 11%, and moves
closer to a frequency band in which the hearing sensitivity of
the human ear lowers. Further, the amplitude of the vibration
can be reduced by about 50%. In addition, through bonding
and fixing together the outer flat surfaces of the magnet and
the inner tlat surfaces of the motor casing, the amplitude of the
vibration can be further reduced by about 80%.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a longitudinal, partially sectional view showing
the configuration of a small motor having a polygonal exter-
nal shape which embodies the present invention.

FI1G. 2 1s a side view of the motor shown in FI1G. 1 as viewed
from the commutator side with a casing cover removed.

FIGS. 3(A) and 3(B) are side views showing the motor
casing and a magnet, respectively.

FI1G. 4 15 an enlarged view showing one corner portion and
one side portion of the magnet disposed within the motor
casing.

FI1G. 5 1s a view showing another example 1n which the rib
has a shape different from that of the rib shown 1n FIG. 4.

FIG. 6(A) shows the above-described motor casing (see
FIG. 3(A)), FIG. 6(B) specifically shows a portion X of FIG.
6(A), and FIG. 6(C) 1s a pair of illustrations used for describ-
ing vibrations of the motor casing.

FIGS. 7(A), 7(B) and 7(C) are graphs showing results
(actually measured values) obtained through frequency
analysis of vibrations of flat surfaces of a housing, FIG. 7(A)
showing the results obtained for the case where no rib 1s
press-litted, FIG. 7(B) showing the results obtained for the
case where four ribs are press-fitted, FIG. 7(C) showing the
results obtained for the case where four ribs are press-fitted
and the ribs and the yoke are bonded and fixed together.

FIG. 8 1s a graph showing the thickness of a motor casing
formed from an iron plate through press working, as mea-
sured at the corner portions and tlat wall portions thereof.
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FIG. 9 1s a sectional view of a motor which 1s described 1n
Patent Document 3 and 1n which magnetic poles are disposed
at corner portions between side portions of a motor casing.

BEST MODE FOR CARRYING OUT TH
INVENTION

L1l

The present mvention will now be described by way of
example. FIG. 1 1s a longitudinal, partially sectional view
showing the configuration of a small motor having a polygo-
nal external shape which embodies the present invention.
FIG. 2 1s a side view of the motor shown 1n FIG. 1 as viewed
from the commutator side with a casing cover removed. A
small motor having a 4-pole field magnet and six rotor poles
will be described below. However, the present invention can
be applied to a small motor which has four or more field poles
(e.g., four poles, six poles, or eight poles) and three or more
rotor poles.

As 1llustrated, the magnet 1s attached to the mnner circum-
terential surface of a motor casing, which 1s formed from a
metallic material mto a closed-bottomed tubular shape by
press working. A polygonal side wall of the motor casing
made of metal serves as a yoke, which, 1 turn, serves as a
magnetic path of the magnet. A casing cover 1s fitted to an
opening portion of the motor casing. A shaft of a rotor 1s
supported by bearings provided respectively at a central por-
tion of the casing cover and at the center of a bottom portion
of the motor casing. A rotor configured on the shaft includes
a rotor pole structure, which 1s composed of a pole core and
windings wound on the pole core. A commutator 1s fixed on
the shaft and has a varistor at an end portion thereof for
quenching sparks. Brushes (a pair) in contact with the com-
mutator are supported by the casing cover via respective
brush arms and are externally supplied with power viarespec-
tive external terminals connected to the brush arms.

FIGS. 3(A) and 3(B) are side views showing the motor
casing and the magnet, respectively. The magnet 1s radially
magnetized and has four poles such that N and S poles alter-
nate in the circumierential direction. The illustrated magnet 1s
integrally formed from a magnet material ito the overall
shape of aring. This ring-shaped magnet has an inside diam-
cter slightly greater than the outside diameter of the rotor and
has a nonuniform thickness such that side portions thereof are
thin-walled, whereas corner portions thereol are thick-
walled. Such a magnet may be formed as follows. A magnetic
material 1s integrally formed 1nto a ring shape having a non-
uniform thickness; the ring-shaped magnetic material 1s fixed
into the motor casing; and then, by use of a magnetic-field
generator, the rnng-shaped magnetic material 1s magnetized
from the outside of the motor casing so as to have four
magnetized portions (poles).

As 1llustrated, the side wall of the motor casing, the side
wall serving as a yoke, 1s configured such that (four) flat side
portions equal 1n number to the field poles (four poles in the
illustrated example), and (four) corner portions equal in num-
ber to the four side portions and located at respective corners
between the side portions are continuously joined together.
Since the side portions are formed flat, the side portions
function as a whirl-stop 1n the course of mounting of the
motor, and also wasted space around the outer circumierential
surface of the motor 1s reduced, thereby improving space
elficiency. The corner portions (corner surface portions) {ix-
edly support the magnet at the inner sides of the corner por-
tions and each assume a curved shape. In the case where each
of the corner portions 1s curved along an arc whose center 1s
located at the rotary shaft of the motor, the magnet has a fixed
radial thickness at each corner portion. However, the magnet
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1s not necessarily required to have a completely fixed radial
thickness. Theretfore, each of the corner portions may have a
curved surface other than the arcuate surface whose center 1s
located at the rotary shait of the motor.

The magnet 1s formed such that its corner portions come
into contact with the yoke. Meanwhile, the side portions,
excluding rib portions to be described later, are formed such
that small clearances are formed or at least such that no
pressing force acts on the side portions, excluding rib por-
tions. Therefore, the magnet can be fixed to the yoke through
press-fitting. As described above, the magnet has an outer
circumierential shape which approximately coincides with
the inner circumierential shape of the motor casing having a
substantially uniform thickness. Therefore, the magnet has
corner portions and side portions corresponding to those of
the motor casing. The circumierential centers of the magne-
tized portions (apexes of field poles) coincide with those of
the corresponding corner portions of the yoke. When the
ring-shaped magnet is press-fitted for surface contact with the
corner portions of the yoke, opposite ends of each side portion
of the yoke are pulled away from each other. In addition, ribs
are provided as described below. Thus, the rigidity of the side
portions of the motor casing 1s increased, and vibration of the
motor casing during rotation can be suppressed.

The shape of the magnet will be further described with
reference to FIG. 4. The magnet 1s formed of a magnet mate-
rial, such as a plastic compound formed by mixing a magnetic
matenal (e.g., ferrite or neodymium) into resin, such that four
poles are integrally formed. FI1G. 4 1s an enlarged view show-
ing one corner portion and one side portion of the magnet
disposed within the motor casing.

The radial thickness of each pole of the magnet decreases
from a region corresponding to the respective corner portion
(magnet thickness dimension A) toward the adjoining mag-
netic poles (magnet thickness dimension B) so as to become
equal to the radial thickness of the flat side portions of the
yoke. The side portions of the magnet are not 1n contact with
the side portions of the yoke, through provision of a small
clearance (dimension C) therebetween. The magnet assumes
the overall shape of a ring whose inside diameter 1s slightly
greater than the outside diameter of the rotor; however, the
ring shape 1s such that its side portions are thin-walled,
whereas 1ts corner portions are thick-walled. Since the mag-
net has a nonuniform radial thickness as mentioned above, the
magnetic flux of the magnet smoothly reduces at the side
portions of the magnet as the circumierential distance from
the circumierential centers of the corner portions of the mag-
net increases, whereby cogging torque can be lowered. At the
same time, at the circumierential centers of the magnetized
corner portions, the magnet has such a thickness as to gener-
ate a sullicient magnetic field, and the magnet 1s pressed
closely against the yoke, whereby the intensity of magnetic
field can be enhanced for improving motor performance.

Further, as shown in FIG. 4, ribs are provided on the mag-
net of the present invention. The magnet 1s radially magne-
tized such that N and S poles alternate in the circumierential
direction. A pole changeover region 1s present between adja-
cent magnetic poles; 1.e., at the center of the corresponding
side portion. In the pole changeover regions, the outer cir-
cumierential surface of the magnet 1s pressed against the
inner circumierential surface of the housing via the ribs pro-
vided on the outer circumierential surface of the magnet. The
ribs have a rectangular cross section as shown in FIG. 4.
Alternatively, as shown 1n FIG. 5, each rib may assume an
arbitrary ridge-like form which has an arcuate or semicircular
cross section and extends in the longitudinal direction of the
magnet (see FIG. 5). The rib length 1s notnecessarily required
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to be equal to the length of the magnet, and each rib can
provide 1ts function suificiently when the nb has a length
greater than half the length of the magnet. The rib shown 1n
FIG. 5 1s cut-removed at the end on the press-fitting side so as
to facilitate press-fitting of the magnet into the motor casing.

Since the ribs are provided on the outer circumierential
surface of the magnet, through concentrated control per-
formed only on the height (dimension C shown in FI1G. 4) of
the ribs and the inner diameter of the motor casing, it becomes
possible to realize a highly productive method of fixing the
motor casing and the magnet, and suppress vibrations of the
side portions of the motor casing.

Notably, 1n the 1llustrated example, a single r1b 1s provided
between the adjacent magnetic poles. However, a larger num-
ber of ribs may be provided at predetermined intervals. Alter-
natively, the ribs may be provided on the inner circumieren-
tial surface of the motor casing. Even i such a case,
vibrations of the surfaces of the motor casing can be sup-
pressed. Further, vibrations of the flat wall portions of the

motor casing can be suppressed further by means of bonding
between the ribs and the mner circumierential surface of the
motor casing.

FIGS. 6(A), 6(B) and 6(C) are a set of illustrations used for
explaining vibrations of the housing. FIG. 6(A) shows the
above-described motor casing (see FIG. 3(A)), and FIG. 6(B)
specifically shows a portion X of FIG. 6(A). FIG. 6(C) 1s a
pair of 1illustrations used for describing vibrations of the
motor casing. From the viewpoint of design, the magnet 1s
desirably press-fitted into the motor casing 1in such a manner
that, of the side potions of the motor casing, only center
portions of the side portions engage with the magnet. The
motor casing manufactured through press working distorts
radially inward; 1.e., 1n a direction indicated by an arrow in
FIG. 6(B). When surface contact 1s required to be established
between the entirety of each tlat surface of the magnet and the
entirety of a corresponding flat surface of the motor casing
through press-fitting, the entire inner circumierential surface
of the motor casing and the entire outer circumierential sur-
face of the magnet must be subjected to dimensional control.
In such case, the accuracy of dies used for manufacturing the
motor casing and the magnet must be increased, leading to an
increase i cost. In contrast, 1n the case where the motor
casing and the magnet are manufactured while the dimen-
sions of the center portions of their tlat surfaces are chiefly
controlled, and the magnet 1s press-fitted 1into the motor cas-
ing, it 1s possible to efliciently manufacture motors while
reducing variation in noise and vibration level among the
motors. Further, as a result of provision of the ribs on the outer
circumierential surface of the magnet, a small clearance (di-
mension C shown in FIG. 4) 1s produced between the inner
circumierential surface of the motor casing and the outer
circumierential surface of the magnet. Since adhesive 1s
injected into the clearance so as to bond the motor casing and
the magnet together, the rigidity of the flat wall portions
increases, and the noise and vibration of the motor can be
reduced further. Further, in order to attain the vibration sup-
pressing effect to the greatest extent, press-fitting regions are
desirably provided at the central portions of the flat wall
portions which vibrate most strongly.

When no ribs are provided, as shown 1n the upper side of
FIG. 6(C), a flat wall portion vibrates in a state where the
opposite press-fitted portions serve as nodes and the center of
the flat wall portion serves as an antinode. In contrast, 1n the
case where the center of the flat wall portion 1s fixed by means
ol arib, the center o the flat wall portion also serves as anode.
Theretfore, theoretically, the vibration frequency increases.
The increase in the vibration frequency 1s considered to be
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proportional to the number of ribs. This was confirmed from
the results (Table 1) of a test in which test samples were
manufactured and their vibration frequencies were actually
measured. Table 1 1s a table which shows the vibration fre-
quency of a flat wall portion of the housing measured for the
test samples having different numbers of ribs.

TABLE 1
Number of ribs
0 4 16 20
Vibration frequency (kHz) 10.8 13.5 14.5 14.7

As can be understood from Table 1, the vibration frequency
increases with the number of ribs. When the number of ribs 1s

20 (4 surfacesx5 ribs/surface), the vibration frequency 1s 14.7
kHz, which 1s higher than the vibration frequency o1 10.8 kHz
measured in the case where the number of ribs 1s zero, and
which 1s close to a frequency band in which the hearing
sensitivity of the human ear lowers. Notably, 1n the case
where 16 ribs or 20 ribs are provided as shown 1n Table 1, the
ribs are provided at equal intervals on each side portion.
Although decreasing the amplitude of vibration 1s a general
measure against noise, intentionally shifting the vibration

frequency to a frequency band 1n which the hearing sensitiv-
ity of the human ear lowers 1s also effective.
FIGS.7(A),7(B) and 7(C) show results (actually measured
values) obtained through frequency analysis of vibrations of
flat surfaces of a housing for the case where ribs are press-
fitted and the case where no rib 1s press-fitted. FIG. 7(A) 1s a
graph showing the results obtained for the case where no rib
1s press-litted; FIG. 7(B) 1s a graph showing the results
obtained for the case where four ribs are press-fitted; and FIG.
7(C) 1s a graph showing the results obtained for the case
where four ribs are press-fitted and the ribs and the yoke are
bonded and fixed together. Providing four ribs means that one
r1b 1s provided at the center of each of four flat surfaces. The
horizontal axis represents vibration frequency, and the verti-
cal axis represents the amplitude (velocity) of vibration.
Vibration of the flat portions at the time when the motor
rotates at 3500 rpm as a result of application of DC 12V
thereto 1s shown 1n a central portion of each graph. Table 2
shows the vibration frequency and vibration peak of the flat

surfaces for different motors having diflerent specifications,
as read from the graphs of FIGS. 7(A), 7(B) and 7(C).

TABLE 2
Vibration Vibration peak

Specifications frequency(kHz) value (um/sr)
No rib 18 press- 10.8 12.87
fitted
Ribs are press- 12.9 6.50
fitted
Ribs are press- 13.0 2.24
fitted and fixed
fitted and fixed
through bonding

In the case where no rib 1s press-fitted, the vibration fre-
quency 1s 10.8 kHz, which 1s high frequency, and a harsh
grating noise 1s generated. The results of analysis performed
on the vibration show that the vibration of the magnet is
greater 1n amplitude than the vibration of the housing wall.
From the results of these analyses, the inventors considered
that the energies of attraction and repulsion between the rotor
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and the magnet produced when the motor 1s driven serve as a
vibration source, and the thin-walled portions of the magnet,
cach of which serves as the center of a chord (antinode of
vibration), excite the corresponding flat wall portions of the
housing from the inside thereof. Further, from the results
obtained by analyzing the magnet alone, 1t was found that the
thin-walled portions of the magnet are apt to vibrate with a
large amplitude. This result also shows that the vibrations of
the flat wall portions of the housing become large because the
magnet excites the mner circumierential surfaces of the flat
wall portions of the housing.

In the case where no rib 1s press fitted, vibration becomes
larger because of the following reasons. (1) Since the motor
casing and the magnet are designed such that the corner
portions of the magnet are press-fitted into the corner portions
ol the motor casing and clearances are formed between the
flat side portlons of the magnet and the flat wall portlons of the
motor casing, the rigidity of the flat side portions 1s low. (2)
Because of restrictions mvolved in production, the thickness
of the tlat wall portions of the motor casing of a quadrangular
motor 1s smaller than the thickness of the corner portions of
the motor casing (see FIG. 8), whereby the geometrical
moment of mertia drops, and the motor casing becomes more
likely to be influenced by the excitation by the magnet. There-
fore, as a result of generation of the energies of attraction and
repulsion between the rotor and the magnet, each of the
thin-walled portions of the magnet located near the centers of
the flat wall portions serves as a vibration source, and causes
natural vibration with large amplitude. Thus, the above-de-
scribed problem occurs. FIG. 8 1s a graph showing the thick-
ness ol a motor casing formed from an 1ron plate through
press working, as measured at the corner portions and flat wall
portions thereof. From the graph, which shows the minimum
values (min), the average values (ave), and the maximum
values (max) measured for five samples, 1t 1s found that the
tflat wall portions becomes thinner than the corner portions.

As can be seen from FIGS. 7(A), 7(B) and 7(C) and Table
2, as aresult of the flat wall portions of the housing being fixed
by means of press-fitting of ribs of the magnet, the vibration
frequency increases about 11% and becomes closer to a 1re-
quency band 1n which the hearing sensitivity of the human ear
drops. Further, the amplitude of the vibration can be reduced
by about 50%. In addition, by means of bonding and fixing the
outer flat surfaces of the magnet and the mner flat surfaces of
the housing, the amplitude of the vibration can be reduced
turther by about 80%, as compared with the case where no rib
1s press-litted. In the case where an attempt 1s made to attain
the same elfect as that attained through bond-fixing by merely
increasing the thickness of the side wall portions of the hous-
ing, for example, the thickness of the side wall portions must
be increased from 0.72 mm to about 1.1 mm. In such a case,
the material cost of the housing and the size of the motor
increase.

The mvention claimed 1s:

1. A small motor having a polygonal external shape in
which a field magnet having four or more poles 1s attached to
an mner circumierential surface of a motor casing made of
metal, the motor comprising:

the motor casing having a side wall formed 1nto a polygo-

nal shape such that flat side portions equal 1n number to
the poles and arcuate corner portions equal 1n number to
the side portions and located at respective corners
between the side portions are continuously joined
together; and

the field magnet which has an outer circumierential shape

approximately coinciding with the inner circumierential
shape of the motor casing, having magnet side portions
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and magnet corner portions corresponding to the side
portions and corner portions, respectively, of the motor
casing, and having a rib provided on outer circumieren-
tial surfaces of the magnet side portions,
wherein the magnet 1s disposed, through press-fitting,
within the motor casing such that the rib comes nto
contact with the inner circumierential surface of the
motor casing, the magnet side portions, excluding the
r1b, being formed such that small clearances are formed
between the magnet side portions and the side portions
of the motor casing, or at least such that no pressing force
acts on the magnet side portions, excluding the rib.
2. A small motor having a polygonal external shape accord-
ing to claim 1, wherein the motor casing and the magnet are

bonded together by means of adhesive injected 1nto the small
clearances formed between the 1nner circumterential surface
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of the motor casing and the outer circumierential surface of
the magnet as a result of provision of the rib on the outer
circumierential surface of the magnet.

3. A small motor having a polygonal external shape accord-
ing to claim 1, wherein the b 1s provided at a single position
or a plurality of positions, and assumes the form of a ridge
having a rectangular, arcuate, or semicircular cross section,
and elongated 1n the longitudinal direction of the magnet.

4. A small motor having a polygonal external shape accord-
ing to claim 1, wherein the rib 1s provided on the inner
circumierential surface of the motor casing, rather than being
provided on the outer circumierential surface of the magnet.

5. A small motor having a polygonal external shape accord-
ing to claim 1, wherein the magnet 1s mtegrally formed nto
the overall shape of a ring from a magnetic plastic compound.
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